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FOREWORD

This report was prepared by Lessells and Associates, Inc.,
Boston, Massachusetts, under U. 5. Air Force Contract No. AF
33(61.6)-2324, Project No. 6-(1-3346}, '‘Propeller blades." The
contract was administered under ‘he direction of the Propeller
Laboratory, Wright Air Developmen. Center, with Mr. M. W. Baldwin
acting as project engineer. The auther wishes tc acknowledge the

aesistance of Mr. E. L. Rich who conducted many of the tests and
contributed to the analysis of results.
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ABSTRACT

This report is tie thizd i~ & series covering work performed
under Contract No. AF33{6]:}2324 during the period {rean 1 Febra-
ary 1954 to 30 November i356. The current report covers the peri-
od from 1 September 1933 csrough 30 Novembar 1956 The object of
the investigation was t, de’srmine nny benefits of shot poening as a
means of protecting ircryvit propellsr blades against the reduction
of fatigue strength vrisine irom service dsmage This reportcovers
additional fatigue tes'c ~upplementing those reported in P2r¢ 2 and
including more severs :image thanprevicusly tested. It alsocovers
tests couducted for ¢ : purpose of enabling estinates to be riade of
the limitations imposed by distortion inthe paening of actn>1 parts.

The results further substantjate the benci.ts of shot peeningas
a barrier to the detrimentsl sfiscts of ssrvice damags. Tests on
SAZ 4349 steel specimens indicate that the benefits incrsase with
Increasing haroness of sizel. Empirical relations derived from
the disrortion testz are also included. These relaticns allow pre-
diction of the curvrture to be expected from the peening of flat
Plates under any practical peening conditions.

WADC TR 55-506, masi 3 iid
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I. INTRODUCTION

The work reported inthis paper is directed at incress edknowe
ledge of the beneficial effecis of shot peening in tke p . cv.zuion of
fatigue failure in aircraft propeller blades. It has te~u aypothe—
sized thatthe introduciion of surface iayer of compressive residual
siress might impede the formation and growtih of cracss * poiats
subjected to damaye in service. Experiments supporiing this hy—
pothesis were carried cui and are reporied in WADC TR 55--56,
Partsl and 2. These reports cover the background material as well
as the complete details of procedures involved in shot peenin, ,
measurement ot residual peening stresses, fatigue tests, etc. These
details will not be repeated in this report except in cases where
they may have been altered in the more recent work. Mater.al
properties of the SAE 4340 steel and 765-T6 aluminum are identical
to those previously reported.

The current phase of the investigation involves 1) (i igue tests
supplementing those previously reported and 2) a stud. uirected at
the prediction of the distortion which would accompany the shot
peening of propeller blades., The latter phase isof interest because
of the obvious limitations arising with maximum shot size and / or
intensity and minimum blade thicknesses, especially as regards
hollow blades. The studies of distortion discussed here arelimited
tofiat piates of various thicknesses peened on one side oniy inorder
that the basic : esponses a,id parameters may be estabiisi.«1i,

II. FATIGUE TESTS

LIGHT DAMAGE

Additional tests covering the case of light damage on 4. " iteel
were conducted in order to provide supplementary data. It wili oe
recalled that the light damage, as described in WADC TR %5%..56,
Part 2, is producedby fragments of broken glass striking the speci-
men. The supp’'amentary data were desired in order i~ m ovide
more tests for more accurate statistical analysis and t¢ prowvide a
check on the Prot slope, which pre~isusly was taken az the value
reporied in WADC TR 52-234. Tablel is a«. .:iiine - (he t28! pro=
gram involving the light damage. A few S/, were ixciluded
for the purpote of checking the endurdnce .- site ‘-dice. 4 by the
Prot method. Table 2 outlines the S5-I te#t cunaitive~. ‘ompieie
data on all fatigue test specimens are given in Appendix {. The
failuze stresses indicated have been corrected for gou,: depth. -

WADC TR 55.56, Part 3 1



TADLE |

2

PROT TEST CONDITIONS -
LIGHT DAMACE

Ultimate Shot Air St-ags
Specimen Strength Sige Pressure ‘BB;?E_
Nos. (psi) {ia.) {psi} dpsi/cycle
3oi-314 130,000 No Pecening 0.2
315-328 130,000 . 039 S0 0.2
377-388 180,000 No Peening 0.07
389-400 180,000 No Peening 0.14
~25-436 180,000 . 066 50 0.07
437-448 180,000 . 066 50 0.14
521-534 250,000 No Peening 0.2
559-572 260,000 . 039 50 0.2
TABLE 2
CONDITIONS FOR S--N TESTS
Ultimate Sheot Air
Specimen Strength Size Pressure
Nos. (psi} (in. ) {pei) Damage
045-656 180,000 No Peening None
657-668 180, 000 . 066 50 Light
669-680 260,000 No Peening None
681-692 260 100 .039 5¢ Light
WADC TR 55-5t, Part 3 2




This correction is based on the reduction in nomiinal stress in a
bending specimen by virtue of the deptk frdan the original surface
at which the {ailure originates. This derth is determined by break-
ing oper. the specimen and examining microscopicaliy to discove:
the origin of failure. In the case of the light damage the correciio:
iz usually quite small, such that any exrors in this principle of re-
ducing the stress by the ratio of failure depth to half the thickness
is quite smaall. Inthe case of very deep gouges, as discusned later,
errors in this correction may be greater.

Figures 1 through 3 give the rzsulis of tesies run for ihe pur—
pose of checking the Prot siope. Previouc data reported in WADC
TR 55-56, Part 2 are included in these curves as well as in all the
other applic-bie curves of light damnage. Applicable valucs of the
S-N resulis are also included in the figures. Two Prot slopcs are
drawn where the data permit. One slope is that reported in WADC
TR 52-—-234, used in previous reports under this contract. The
second is that derived from data obtained duringthe phase reported
here. The second slope is greatar, irdicating lower endurance
limits tharn the first. Some question arises as to the proper value
of rate of stress increase tobe used inthe case of notched or dam-
aged specimens. T'he rates plotted here are the nominal rate atthe
surface. It can be argued that the rate should be reduced to that
determined by the nominal stress atthe depth of failure. This would
in general indicate higher endurance limits, although the change
would be slight for shallow notches. On the other hand, it can he
argued that the actual failure stress at the root of a notch is the
product of tiie nominal stress and a stress concentration factor. If
this were also applied to the stress rate, higher rates would be in-
dicated. Which of these cffects is the more realistic iz unknown at
the present time. It would thus appear thata basic deficiency exists
in the Prot method when =ppiied to notched gpecimens, except in
cases wherein a nominal stress used for comparative purposes is
adequate. Fortunately, the current investigation is satisfacioviiy
covered by the latter situation in that comparative results are ade-
quate, even though precise knowledge otthe actual endurance limits
ie not obtained. With this in mind and in order tocompasre previous
results with current results, the original slops as reported in WADC
TR 52-234 has been used in calculating endurance limits. Ail con-
clusions are based on this Prot slope. It should be noted in passing
that whenthe data are plotted using boththe nominal surface stress
and the nominal surface rate of stress increase, the slope agrees
almost exactly wiih that reported in WANDC TR 52-234.

Figures 4 through 6 give ilis rcsults of all other Prot tests in-
volving either no damage or light damage. Thesrs tests were run at
the nominal rate of increase of .04 psi per cycle and endurance
limita were determined by resorting to the slope, as described
above. Figures 7 through iU show the resuits of >- N tests. An
overali surnmary of the average endurance limits indicated by the
Prot andS-Ntests forthe cases of either no damage or iightdamage

WADC TR 55-56, Part 3 3
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"ot andS-Ntests for the cases of either no damage or light damage
1s given in Figure 11, As stated before, the resulis are averages
which include the previous applicable data reported in WADC TR
55-56, Part 2.

figure 12 shows the percent variatior in failure stress ve. the
ratio of depth of compression to depth of damage for the case of
light damage.

Figure 13 is a photograph of the two surfeces of a failure which
originated at a glass—like inclusion of sphericai form. Figurel4
shows aiypical sutesurface failure in whichthe presence of foreign
matter was not definitely established. The'fish eye' which is typie
cal of sub=gurface fatigue failure 1& evident in the photographs.

HEAVY DAMAGE

Tests were also 1acluded in the curren. phase of the program
in which heavier damage than used previously was imposed on the
test specimens, This damage was produced by the same glass mis-
sile as described previously except that the glass was not fractured
prior to con.act with the specimen, Each specimen was subjected
to a single gouge. In some cases the glass nmiiasile fractured very
shortly after initial contact with the specimen producing a spray
pattern of relativeiy lighi damage over the surface but with fre—
gently a moderately deep sroove over a distance of about 1/2 in.
across the specim.cn. In other cases the glass missile did notfrac~
tare until it had traversed approxirately 1/2 in. of the specimen,
This resulted in @ very shary clean single groove varying in depth
from ze:ro atthe point of contact to: maximum atthe point of even-
tual fracture. Atternpts were mads2 to meagure the radius of curva-
ture atthe Lotton: of the groove. This radius could anot be precisely
aetermined but it is less than, 000l in. Considerable cold work was
cvident along the sidec 2f the grooves. The groove usually ended
rather abruptly at the point of eventual fracture of the glass, this
end being filled with remaining fragments of glass, Therz deep
gougcs were obtaired with all three hardnesses of the 4340 steel
although the percertage of deep gouges cecreased with increasing
specimen hardness. An occasional deep gouge was found even at
the highest hardnes: of R 52.

For purposes of analysis this heavy damage was divided into
'wo categories according to whether or not the excessively deep
.ouges were icrmed. In ali cases the failure stresses were cor=
rectec fur depth by reducing the stress fromthe surface ina linear
fashion by the ratio ui depth of failure origin to semi~thickness of
the b2,  With the excessively deep gouges this procedure may be
subjeci 1o some ervoir. The nominal stress ut the bottom of one of

thvse deep gouges, as calculated in this fashion, is as little as une-

\vr ADC TR 55-56, Part 3 14
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half the nomirnal stress atthe surface of the bar. No correction was
made for the reduction in section mcduiua due to the existence of
the gouge. The inaccuracy is not considered serious however, in-
asmuch asthe value of tests onthe excessively decp gouges is very
small. These gouges are such that rejection of 2 propeller blads
containing such gouge would be unquestioned. Further. they are of
deptha far greater than could be benefited by any reasonable peen-.
ing treatment. Consaquently, value is piaced only on iucvss “22vy
gouges which are not of excessive d=pth, that is of depth exceeding
approxiiuaiely . 0ié in, Thus, speci.miens containing these heavy
gouges of . 016 in. depih or greater are not included in the analysis
of results, although the failure data are given and the points are
plotted.

Table 3 is an outline of the test program involving the heavy

damage. Appendix 1 includee data on the specimens containing
damage as well as those specimens previously mentioned.

TABLE 3

PROT _TEST CONDITIONS -
HEAVY DAJMAGE

r
Ultiiuate Shot Air Strces
Specimen Strength Size Pressure Rate
Nos. (psi) (in. ) (psi) sifcycle
329-352 136, 340 . 039 50 6.2
353-376 130,000 .125 90 0.2
401 -424 180, 600 No Peening 0.2
449-472 180,000 L0606 50 0.2
473-496 180, 00 .078 90 0.2
497-520 180,000 . 125 90 0.2
535-558 260,000 N¢ Peening 9.2
573-596 260G, 000 . 0335 50 0.2
597-620 260G, 000 .078 30 .2
621-0644 260,000 . 125 90 0.2
Figures 15 through 24 give the results of Prot tests on the

heavily damaged specimens of various
Figure 25 gives the average results of these tests for
It can be seen that the benefits of

ig-

treatments.

the heavily damaged sp

eTund

......

rarcnesses and peening

ure 26 shows the percent variation in failure stress vs. the ratio of
depth of compression to depth of darn:.ge for the c28€¢ of heavy dam-
age.
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III. DISTOATION

RESIDUAL STRESS AND CURVATURE

Because of thefact that the residual stresses produced by peen-
ing are a result of plastiz and elaatic strain, it is apparent that
some dimensional change must necessarily accompany this treat—
ment. The degree of this dimensional change is of course aiiected
by the geometry of the part and the severity of neening. The pro-
peller blade, being essentially athin plate with some superimposed
twist, might therefore be distorted to a sizeable dczree by a heavy
pe=ning operation. It is essential that some knowledge of the dis-
tortion as a function of peening condition be obiained. This know-
iedge would enable prediction of the iimiis of peeniug in an actual
case,

The study of distortion has been confined to flat plates peened
cn one side only. This case allows study of the fundamentals in-
volved in distortion and permits expreassion of some of tha factors
affecting tne distortion such as hardnese, thickness, etc. The ex-
tensicn of data obtained from these simple tests would involve con-
sideration of the particular geometry of interest.

In studying dictortion, Sir :540 steei specimens of varying

thicknsss were paanad wnder o varici; of coandiiivus. Tae resuir—
1ng curvatures and residual stresses were evaluated. These data
were then assembled in order “o determine empirically the behavi-
our in distortion of rhe various thicknegses. Thia knowladge was
then extanded analytically to iacludethe various hardnesses of steel
az wcll as the single aluminum alloy under considsration. A lsting
of the residual strers specimens tested and the peening cenditions
involved is giver in Table 4. All tests were underiaken at higk zhot
coverage and using st~el :» hardness R _44. A ccastzni auot flow
rate (101b/min) and a fixed air pressure (50 psi) were used through-
out the tests. Specimen size and shape were identical to those re-
ported in Part 1 of WADC TR 55-56.

Since the distortion is produced primarily by the compressive
2tress from the peening opcration, it seeme apparent that the mag-
nitude and depth of this compreesive stress wouléd be the mest im-—
portant factors in analyzing distortion. The maximum valne of the
stress, the depth, and tiic shape of iue stress curve are involved in
the force producing the distortion. These factor. canbe lumped to-
gether in terms of the compressive residual stress area which is
the integral of stress tiines depth. This residu-l stiesse area then
represents the force per unit width of fiat specimen which is acting
toproduce extension and bending. Bending is the more predominant
factor in the case of a flat specimen peened on one aide oniy. If it
is assumec that similar peening treatments produce the zame coam-
pressive residual stresas area on different thicknesses of identical

WADC TR 55-56, Part 3 31



RESIDUAL STRESS SPECIMENS

Ai—
Specimen Hardness Shot Pressure Thicknees

No. Material R_ Size (ps:} Coverage (1n.)

1 4340 Steel 45 110 50 Hig: 0. 496

2 4340 FSieel 44 110 50 High 0.498

3 4340 Steel 45 2140 g0 High 0. 457

4 4340 Steel 43 230 50 High 0. 496

5 4340 Steel 44 390 50 High 0. 497

6 4340 Steel 44 3o 50 High J.498

7 4340 Steel 45 60 50 High 0.495

8 4340 Steel 45 560 50 High G. 499

9 4340 Steel 4c 0.125 in. 50 High 0.498
10 4340 Stosl 45 0.125 in. 50 High 0. 493
11 4340 Stesl 41 110 50 High 0.129
12 4340 Steel 41 110 50 High 0.129
13 4340 Steel 41 230 50 High 2129
14 4340 Steel 41 230 50 High 0.129
15 434) Steel 41 390 50 High 0.129
16 4340 Steel 41 390 S0 High 0,129
17 4540 Steel 41 660 50 High 0.129
18 4340 Stecl 41 660 50 High 0.129
19 4340 Steel 41 G.125 in 50 High 0.129
20 4340 Steel 41 0.125 in 50 High c.12%
21 4340 Steel 41 110 50 High 0.069
e 4340 Steel 4 ii10 50 High 0.067
23 4340 Steel 41 230 50 High 0.066
24 4340 Steel 41 230 50 High 0.067
25 4345 Steel 41 390 50 High 0.068
26 +340 Steel 41 390 50 High 0. 066
27 4340 Stecl 41 660 50 High 0.067
8 4340 Steel 41 660 50 High 0.069
29 4340 Steel 41 0,125 in 52 High 0.067
30 472 Steel 41 0.125 in 50 High 0.062
31 4340 Stesl 44 G.125 in 50 High 0.714
3 4340 Steed 44 0.185 in. 50 High C.714
33 4340 Steel 44 0.125 in. 50 High 0.998
34 4340 Steel <4 0. 125 ia, 50 High 0.998
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materia'. -.--- "*should be possible to calculatethe curvature which
would b+ .. .-~ rl oneach of these thicknesses, The energv of com-
pressive st ¢+ - musi be offset by equal araounts of energy in the
remainder ot specimen. Further, for . quilibrium the com-
rreasive and tensile forcss and moments must balance. There—
fore, it shoula be possible to calculate zpproximately the eniire
residual stresgs distribution and the resultiag specimen curvature
knowing the characteristice of the compressive residual stress.

The tcst nrogram was designed to study these affects as well
as to detect reiations between the potential energy of the specimen,
the potential energy of an Almen strip peened simultaneously with
the specimen, and the kineiic energy of the shot stream.

DISTORTION TEST RESULTS

Le residual stress results for the various distortion test
specimens are plotted ia Figures 4l through 74 in Appendix II. The
data from whichthese resultsare calculated are presented in Appen—
dix IfI. As stated preaviously, the various tests involved only a
single hardness cf sieel. These data are combined in the succeed-
ing discussion with previous data on 1/4—in. thick specimeas of
varying hardnesses of steel and cf aluminum 76S«T6.

Figure 27 indicates that the compressive residual stress area
is unaffected by specimen thickness above a thickness of 1/8in. for
the peening conditions testcd. Sirce for a given hardness of steel
ihe raaxirmum value of compregeive strosg ig nearly constant andis
at or near the surface, then a variatior in compressive residual
stress area is essentially directly proportional tothe depth of com-
pression. Thus, the depth of compression becomes a measure of
distortion for specimens of constant hardness. Figure 28 shows
the curvature vs. the depth of compressive layer for the various
thicknesses of R _42 material tested. Obzervation of this figure re-
vials a definite relation of curvature {o thickness of spacimen. It
develops thatthe sguare of the thickness is the proportionality con-

atant. Figure 29 is a plot of CtZ { curvature times the thickness
squared} ve, depth of compression, It can be seen tkat, when plot-
ted with this parameter, all thicknesses are represenied on ine

vame curve. Figure 29 also includes the average values of Ct‘ for
cach of tiie other hardnessas of steel and of alumioum. It should be
noted thaithe latter values are based ononly one tmcancsa, it being
assumed here that the same relations will appiy that apply to the

RCQZ. Figures 30 through 32 show the curvature parameter ci?

plotied against the compressive residual o areas for ali hard-
nesses anc shot conditions of steel. These three curves are ee—
e th

sentiaily ideniical io each other. Fi e corr=sponding
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curve for alumi..um and can be made to c¢dincide with the curve for
these steels by multiplying by the ratic cfthe elastic moduli, i. e.,

ESt/EA" These cur 'eg, when rombired with the residual stress
1

data given in WADC TR 55-56, Partl, allow the determinaticn of
the specimen curvatur: to be expected from any peening condition.

It is also of inter=st ‘0 relate these variables iuthe Almen arc
height obeerved during pecuning, since the latter is the common
method of determining t1e peening conditions, Consequently, Fige
ures 34 and 35 have been included. These are plote of the various
parameters against the silmenC arc height resulting irom the peen=-

ing. It will be noted that the slope ot Ct® vs. Almen C increases at
an Almen C value of approximately .008 in. This is attributed to
the limitation observed i1 low thicknesses, as was shown in Figure
27, a2nd is a result of increased stiffness as the thin strip develops
transverse rnr¥aturs,

Although the maximrum value of compressive stress and depth
are of primary interest, the peak value of tensiie residual stress
immediately below the compressive layer may also be of interest
in many cases. Figur: 36 shows how this peak valuc changes with
specimen thickness. I:can be seen that the value of tensile strers
increases as thickness decreascs. This is reasonable as it i8 nec~
essary :¢ enable force and moment equilibrium to be maintained.
In this connection Figure 37 shows the location of the neutral axis,
that is the pecint at which the residual stress becomss zero after
having reacted its maximum value of tension, it can be seen that
the position of tLe neutral axis is a function of thickness only, re-
gardlese of the pecning conditions on a given material. The tests
as shown were conducted only on R_42 material in which the maxi-
mum value of compressive stress i8 essentially constant..

A summary curve for all materials tested results fromthe in-
clusion (in the parameter Ct <) of the modulus and ths maximum
compressive stress for each specimen. Figure 38 s a plot of the

2
parameter Q—ZE vs. the depith of compreseion for all cases con—
U:MAI.

sidered; that iz for all inateriala,6 coverages, shol sizes, air pres-
sures, aand thick:, sses tested. Thus, given the dimensions of the
plece tc ce t.miri ~. 1 knowing either the maximum compressive
strese resul.. - . »m peening of that hardness o~ the depth of com-
pression resulti. -« Irom the peening, 1t iz poseikle to determine the
distortion which would result. The depth of comprcesiun =2n be ob-
tained from curves for the various materials and peening conditions
as given in Part 1. Becauge of the large number of data points avail
able for Figure 35, only about 20% o?the points have been plotted.
Every {fifth point was selected from & numerical listing of speci-~
mens.
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It seems theoretically probable that & more universal curve
relating compressive siresn ond depth to the kinetic energy of the
shet, either the single shot or the total shoi stream, could be ob-
tained. This relation, Lowever, has not yet been discovered, The
depth of compression can however be relaied for each materialand
shot velocity. Figure 39 shows the ratio of depth of compreesion/

shot diameter for R_ 42 material ve. the parameter L3V3, where

D is the shot diameter (in.jand V is the shot velocity ({t/sec). The
exact physical significance of this parameter is not clear. It would

sezm that the paramector DSV’z would be more representative of the
kinetic energy of a singie shot. A plot of this parameter, however,
dees uoi produce a smonth curve.

IV. MEASUREMENT OF SHOT VELOCITY

In order to correlzce the resulis of these peening tests with
shot peening as denie on other equipmenti, it was deemed necessary

to know the velocity of the shot. This was measured by means of
high-suerd flash photography. A high-intensity flashtube was placed
in the rear of the peeaing cabinet. A viewing swindow was cut ints

th: iront cf the cabinet auch that the shot stream was silhouetted
against the flash tube. A reference marker l-in. long was placed
adjacent to the shot stream. The flash tube was triggered by an
oscillator operating either at 1800 or 2400 cps, depcnding on the
particular run. The tube flashed 3 times, cach tlash being less in-
tense than the previous cne. The camera was placed at the viewing
window and aimed at the tlash tube with open shutter. Thus, the
filrn was sucjected te a triple expcsure with 4 known time hetween
exposures., This reeulted in a picture wherein individual shot could
be identifier, at 3locations with respect to the l-in. marker and with
respect to the known time. This enabled the calculation of the ve-
locity of shot.

Figure 40 shows the results of this test. It can be eeen that
the maximum velocity obtained is approximately 120 ft/sec. It can
also Le seen thatthe ghor veincity is practically independent of shot
.1ze. This may be partly due to the fact that the shot and air nou-
zle sizes were changed with the shot size in accordance with the
schedule p. eviously reported in Part . The values of shot veiocity
are sornewhat lower than would be expected from a whcel—iype
machine. They are aisc somewhat lower than those reported by
Coombs, Sherratt and Pcpe at the International Comuerence on
Fatigue of Matals., London, 1G56. but agree quite clcsely to some
unpubiished daia taken on a similar cabinet.
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Figure 40 can be used to convertall values ol air pressure pre-
viously reported to shot velocity, enabling results oa other equip-
meiut to be compared with those reported from this project.

V. CONCLUSIONS

For the case oflight damage, shot peening increased the fatigue
strengths of SAE 4340 steel of hardnesses RCSI, Rc42 and RC5Z by

1Y%, 53% and 86%, respectively., The opiiiaum ratic of depth of
compression to depth of damage is about five or greater, cithough
considerable improvement in {atigue strength of R_42 and R 52 ma-
terial is achieved at a ratio as low as two. - ¢

For the case of heavy damage, shot pe~ning increasedthe fatigue
strengths of SAE 4340 steel at hardnesaes Rc3l, Rc42 and RCSZ by

72%, 120%, and 133%, respectively. The figure foz the R_31 is

based on an estimated fatigue strength for the unpesned—damaged
material, Tne optimum ratio of depth of compression to depth of
darnage is about five or greater, aithough considerable improve—
mant in faticue atr ool wes Luicd 2 2 r2tio 2e o e one

A check of the #rot siope reeunited in a value which wouid indi-
cate a lower sndurancs limit than would be indicated by WADC TR
£2-224, When f3ilurs stresses and siress raies are not corrected
for gouge depth,the slope is identical to that reported in WADC T'R
52-234. S-N tesats in general confirmed the lower values of endur-
ance limit., The S-N tests showed considerable scatter, however,
which i3 & natural result of @catier in the damaged specimens.

S—N teats onn il barder sicels failed to reveal definite fatigue
strengths,a condition which har beefi noted by & few other investi—
gatora.

platse t¢ pesning conditione hve been csiablished. The parameter

Empirical curves and parameters relating distortion oi ilat

%i:_za._. when plotted againet the dspih of compressive layer,appears

to"x’ﬂate all peening conditions, thicknesses and materials tested.

The ccmpressive residual streas conditions are essentially
constant for thicknessea of i /8 in. ©nd sbove Onthe Lazisof a
fewtaste, the reiidual stress condition vhange: below 1/8 in, thick
ness. For a given state of compresaive stress in the region of the
surface, the tensile stress beneath this layer increases with de-

creasing thickaess.
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AFJPENDIX 1

FALTIGUE TEST SPECIMFENS

The table on the following pages lists all fatigue specimens
tested, together with the peening conditions, type of damage and
failure stress for cach. The maximum gouge depth refers to the
deepest penetration o! the gouge through rhich failure occurred.
The gouge depth at failure refers to the denth at the nucleus of the
fatigue crack.
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Maximum
Compressive Gouge
Specimen Hardness Depth Deztk
No. R (in. ) Damags {in.)
301 21.5 . 000 Light .002
382 26. 8 e lLight .Qe2
303 26.8 . 000 Light .2903
304 26.0 . Qo0 Light . 000
395 27.8 . C00 Light . 000
366 27.0 . 0600 Light . 006
307 26.0 . coe Light . 000
308 26.0 . 000 Light .001
309 2%.9 . 000 Ligat . 000
310 é6.0 . 000 Light . 000
3l 26.0 . 000 Light .005
312 25.8 . 000 Light .000
313 23.0 . 000 iight . 000
314 27.8 . 000 Ligiht . 006
315 26.0 . I17 Light .010
316 27.0 017 Light .010
317 26.5 . 017 Light .C19
318 27.0 . 017 Light .004
319 26.5 .017 Light . 029
320 26.5 .017 Light .012
321 25.8 . 017 Light . 006
322 26,0 .017 Light . 004
323 7.6 .017 Light . 006
324 25.0 .017 Light . 006
325 27.0 . 017 Light . 000
326 26.5 . 017 Light . 004
37 27.0 .017 Light . 006
328 27.5 .017 Light . 002
329 30.0 . 017 Heavy .013
350 30.0 L0i7 Haavy L@13
i 30.8 . 017 Heavy .04l
332 25. 8 .017 Heavy . 008
333 30.0 .07 Heavy . 027

0

Sy g,
ye
— —

TABLE 5

FATIGUE TEST SPECIMENS

Did nct fail through gouge
Faiisd at entry or exit of gouge
lass

Fatlad a¢ aslare acs
& Sl4A8T {T VTR Ls 8L
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Gouge
Depth at
Failure

(in.)
. 002

nan

« GRS

nva
» WUz

. 000 (c)
. 000 (a)
. 206
. 000 {c}
. 001
. 000 (a)
. 000 (c)
. 005
. 000 (c}
. 000 (a)
. 006
. 010
. 010
. C04
.009
. 006
.012
. 006
. 004
. 006
. 008
. 000 {c}
. 004
. 006
. 002
. 600 (b)
. 603
. 000 (b)
. noe
. 000 (b)

Failure
Stress
(iu2 psi}

64
49
62
68
69
61
67
64
69
b0
55
62
66
64
60
65
72
65
74
60
71
73
68
67
74
70
77
75
56
Ti
70
b4
74



IABLE 5 (CONTINYED!
EATIGUE TEST SPECIMENS

Maximuam Gouge :
Compressive Gouge Depth of Fsti_l:::
Speciinen Hardness Depih Depth Failurs 3

No. Rc {in. ) Damage {in. } {in. ) {107 psi)
334 25.5 L0 Heavy .017 . 000 (b) 71
215 3305 .07 Heavy . 006 . 006 &8
336 30.0 .017 tHeavy . 019 . 000 (b) 73
337 31.0 .017 Heavy . 064 . 004 51
338 30.0 L0117 Heavy . 020 . 020 58
327 2.0 . 017 Heavy . 003 . 004 &8
340 30.5 .017 Heavy . 005 . 002 70
241 30.0 . 017 Heavy . 021 . 020 58
342 30.0 . 017 Heav, .018 .012 6l
343 29.8 .01 ilcavy . 206 . 006 69
344 3c.0 .017 Heavy . 022 . 011 532
345 30.9 L 017 ileavy . 014 . C07 66
346 1.0 .017 Heavy . 055 . 037 41
347 29.5 .017 Heavy . 051 . 017 59
348 29.5 .017 Heavy . 048 . 024 56
349 30.0 . 017 Heavy . 032 .016 59
350 30.0 .017 Heavy . 009 . 007 70
351 30.0 .017 Heavy L0621 ik ol
352 29.0 . 000 Heavy . 001 . 000 (c} 53%
353 30.0 .041 Heavy . 024 . 024 58
354 30.0 .04 Heavy . 030 . Q30 t7
3558 30.0 .04l Heavy . 013 . 007 69
156 30.0 .04l Heavy . 008 . 008 69
3E7 5. % .04 Heavy .Qi5 LULS &7
338 29.8 . 041 Heavy .030 .03 65
359 30.0 . 041 Heavy . 024 .012 67
360 30.5 .041 Heavy .04 . 009 70
361 30.5 . 041 Heavy . 015 . 015 62
362 30.0 . 041 Hezvy . 009 . 009 72
341 38. 8 A $3 Heavy .019 . 019 73
364 30.0 .04} Heavy .012 .012 £7
368 30.¢0 .04} Heavy .021 .01 62
366 29.5 . 041 Heavy .063 . 031 39
367 30.0 .04] Heavy .014 .01¢ 71
368 30.0 . 041 Heavy . 003 .00z 73

* Net Peened
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BL T

1 ET
Maximum Gougn
Compressive Gouge Dopth of
Specimon Hardness Depth Depth Failvre

No. Rc {in.) Damage {in. ) {in.)

309 30.0 . 041 Heavy . 069 . 009
370 3C.9 . 041 Heavy . 012 .0i¢
37 38.¢C .04l Heavy .03 .015
372 30.0 . 041 Heavy .018 . uo9
373 29.5 . 041 Heavy . 005 . 005
374 30.0 . 041 leavy . 008 . 003
375 29.8 . 041 Heavy . 022 . 032
376 29.5 .041 Heavy . 069 .015
377 42.0 .00Q Light .G02 .02
378 42.0 . 000 Light . 004 . 004
379 42.0 . 000 Light D04 . 004
380 42.0 .000 luaght . 006 . 006
381 41.0 - 000 Light . 004 . 004
382 4¢.0 L000 Light . 001 . 001
383 42.0 . 000 Light .005 . 0Qs
384 42.¢C .02 Light . 007 . 007
385 43.0 R o] Ligh . 002 . 002
38¢ 3.3 . 0oo Light . 002 . 002
387 42.0 .002 Light .G09 . 009
38y 42.5 . 038 Ligui . 004 .004
389 4z.0 000 Light .003 . 603
390 2.5 . 000 Lighkt .03 . 003

391 £2.3 .000 Light .006 . 006
392 42.0 . 000 Light .008 . 008
393 42.¢ . 060G Light . 004 . 004
394 42,0 . 000 Light . 000 . 0G0 {(a)
395 42.0 . 000 Light . 003 . 003
396 42.0 . 00G Light . 096 . 006
397 42.0 - 050 Laght . 003 . 003
398 42.0 . 030 Light . 099 . 003 (a)
353 42.0 . 0G0 Laght . 006 . 006
400 4. U . 000 Light . 007 . 807
401 4.5 . 060 Heavy .024 .024
402 21.0 . 000 Heavy . 009 . 004
403 42.0 . 00G Heavy . 006 . 000 (c)
404 42.0 . 000 Heavy .Q49 .03
405 42.0 . U0G Heavy . 007 . 007
406 2. e . 000 Heavy . 005 . 000 (b)
407 42,0 . 000 Heavy . 004 . 007 (a)
408 42.0 . C00 Heavy . 002 . 00C {a)
409 42.¢ R Heavy .GLs .018
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IARE 5 (CONTINVED)
FATIGUE TEST SOECIMENS

Maximum Gonge Fatlure
Compressive Gouge Depth of Stress
Specimen Hardnass Depth Depth Failure 2

Ne. "c iizn.) Damage {in. ) {19. (10”7 psi)
410 42.0 . 000 Heavy -027 . 027 42
411 22.0 . 000 Heavy . 044 . 038 34
412 2.0 . 000 Heavy . 006 . Q00 (s) 56
413 42.0 . 000 Heavy . 007 . 000 {c} 54
114 42.0 . 000 Heavy . 008 . 000 (c) 50
413 43.0 . 000 feavy .02z .02z 4“4
416 42.0 . 006 Heavy . 006 « 200 (c) 53
417 42.0 . 000 Heavy . 004 . 004 5%
418 42.0 . 000 Heavy -0ls . 000 (a) 5%
416 43.0 . 000 Heavy . 004 . 000 (c) 52
420 41.0 . 000 Heavy . 006 . 006 51
421 42.0 . 000 Heavy . 008 . 008 4L
422 4.0 . 000 Heavy .00 . 800 () 58
423 41.58 . GCS rieavy .021 . 021 50
424 42.0 . 000 Hazwy . 005 . 005 48
425 42.0 .017 Light . UGS . GO0 (a) 90
426 42.0 017 Light . 000 . 000 (a) 94
427 42.0 .017 Lighe . 000 . 000 (a) €8
428 42.0 .017 Light . 000 . 000 (a) 9L
429 41.0 .017 Light . 000 . 000 (a) 94
430 2.0 .01 light .00p . 000 (a) ai
431 42.0 .017 Ligh: . 000 .012 85
432 2.0 .017 Light .ai2 - 000 (a) 80
433 42,0 67 Linhe .01 . 808 {a) £33
454 42.0 .017 Ligkt Failed OCuiside Feening
435 42.0 .017 Light .012 . 000 (a) 8o
436 42.0 . 017 Light .012 . 000 (a) 54
437 41.0 017 Light .012 . 000 (a) 95
438 41.0 .017 Light .012 . 000 (a) 96
433 42.0 .m7 Light .02 . 500 {a} o4
440 42.0 .017 Light .02 . 000 (2) 98
44) 42,0 . 017 Light .012 . 000 {aj 8
112 i1.0 .017 Light .0iz . 000 {a} 96
443 42.0 .017 Light . 004 . 006 91
444 42.0 .017 Light . 006 . 000 {a) 97
445 42.0 .017 Light . 206 . 000 (a} 55
446 42.0 .017 Light 006 . 000 (a} a2
+37 42.G .07 Light . 006 L0200 (a) 93
448 42.0 .017 Laght . 006 . 00C (a} 96
449 43.0 .017 Heavy -00¢ .posg 87
450 42.0 .C17 Heavy . 020 . 020 73
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Specimen Hardness

=75
475
477
478
479
280
481
482
483
43

485
460
487
488
48

4948

491

R

%

-
7 2
NMOOQOOO0OOQCOONOODODOOODOLOLOOLOOLECOONOD

»
-
.

42.0
42.0
42.0
42.0
42.0
2.5
&1 60

42.0

TABLE 5 (CONTINUED)

FATIGUE TEST SPECIMENS

Compressive
Depth
{in.)

.07

niy
VA

017
. 017
.07
. 017
. 017

Ay
s UATS

. 017
L 017
.017
. 017
. 017
. 017
.017
. 017
. 017
. 017
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Damage

Maximvm
Gouge
Depth

(in.)

. 008

NnaL
- VT

. 031
. 000
. 903
. 004
.006
L824
. 005
. 007
.018
. 009
. 032
. 006
.009
. 037
LGt
. 038
.008
. 002
.038
.026
. 0060
. G0y
. 060
. 027
. 009

. CG6

o6
. 009
012
012
. 000
007
00
032
004
. 009

aam
v P

.00?

.

s

Gouge
Depth of
Failure

{in.}

. 008

NnAL
« VEG

KX
. 600
. 003
. 004
. 006

Aaa
+ VVOo

.05
.07
.01
. 006
.032
. 006
. G0
. 037
. 011
. 019
. 008
. 000 {(a}
. 038
. 026
. 000 {c}
. 0uy
. 000 (a)
. 000 (b)
. 009
. 009
. 000 {b)
. 006
. 009
.0i2
.N12
. 000 (<)
. 000 (b}
. 006
. 006
. 006
.00é

ni1

.« wims

. 000 (b}

-
(2]
-—

Failure
Stress

(102 pat)

90
45
62

1A
Lve

97
95
9i
78
91
91
78
89
08
93
g1
47
83
&0
89
93
X
70
92
-2.]
99
85
86
S0
98
99
87
90
85
99
96
Sz
9¢é
94
94
78

98



TABLE 5 (CONTINU

FATIGUE T SPE EN
Maximum Gouge
Compressive Geuge Depth of Fsti]_l:::'
Specimen Hardaoess Depth Depth Failure ‘
No. RC (in.} Damag: (in.) {(in.} {107 psi}
492 42.0 .21 Heavy .003 . 003 95
493 42.0 .02} Heavy .012 . 600 {b} 29
494 42.¢ .21 Heavy . 006 .pot %5
49 41.5 .021 Heavy .006 . 006 55
496 42.0 .02t Heavy .026 . 000 (&) 99
497 41.5 . 027 Heavy . 000 . 000 (c¢) 91
498 42.0 .027 Heavy .001 . 000 (a) 102
439 $2. 0 . 027 Heavy . 000 . 000 (c) 93
500 42.0 . 027 Heawvy . 020 . 000 {a) 95
501 41.5 . 027 Heavy . 000 . 000 (b} 84
502 42.0 . 027 Heavy . 000 . 000 {b) 96
503 42.0 .027 Hezavy . 000 . 000 (<) 92
504 43.0 . 027 Heavy .000 . 000 {2} 8%
%05 £2.0 . 027 Heavy . 000 . 000 (¢} 95
506 42.0 . 027 Heavy . 000 . 000 (b} 96
507 42.0 . 027 Heavy . 009 . 000 (b) 101
508 41.0 . 021 Heavy .015 .015 86
509 4.0 .027 ileavy .G00 . 000 (a) 101
510 42.2 . 027 Hoavy . GC0 . 000 (a) 100
511 42.8 LGET Heavy 024 . 000 (b} 92
51z 42.0 .027 Heavy . 051 .024 55
513 43.0 .027 Heavy . 600 . 009 94
514 %2.0 .G2 Heavy . 000 . 000 (cj &9
515 41.0 . 027 Heavy . 00% Iné 107
510 %2.5 .G27 Heavy Not Visible —
517 42.C . 027 Heavy .012 - 000 (b) 98
518 42.0 .027 Eeavy . 030 .030 65
519 iz2.0 .027 Heavy .002 .000 (<) 95
520 42.0 . 027 Hezvy . 033 .033 3
521 50.0 . 000 Light . 003 -0032 vz
522 530.¢ .000 Lighs .000 i . 000 (c) 69
523 5c.0 . 000 Light . 002 .002 8¢
524 50.2 . 5060 Light . 002 . 002 72
525 %0.5% . 000 Light . 003 . 003 72
526 50.8 .0co Light . 000 . 000 {c) 80
527 50.0 . 000 Light . 000 . 080 (c} 67
528 51.90 . 000 Lignt . 9002 .0n2 74
529 50.5% . 900 Light . 003 . 003 86
830 50.0 . 000 Light . 003 . 903 74
233 50.8 . 600 Lighe . 008 . 800 (c) &é
832 51.¢ . GO0 Light . 003 .003 19
%33 50.5% . 000 Light . 400 . 000 (c) 78
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TABLE 5 (COHTINUED])

Maximum Gouge Failure
Compressive Gouge Depth of Streu‘
Specimen Hardness Depth Depth Failure 3

No. Rc. (in.}) Damage (in.) (in.} (107 pai)
534 51.0 .000 Light .002 . 002 L
535 49.5 .0060 Heavy . 005 . 000N ) 69
536 50.0 .0Gs Heavy . 005 . 002 58
537 48,5 .00 Heavy . 004 . 602 £t
533 49.0 .000 Heavy . 002 . 000 (¢} 57
539 49.0 .000 Heavy .004 . 000 (<) 58
540 49.5 .000 Heavy .00Q . 000 (c}) 63
541 49.5 . 000 Hcavy .005 . 000 (c) 53
542 4%.0 .000 Heavy . 005 . 0ol 56
543 49.5 .0G0 Heavy . 004 . UUU {c] 57
544 49.0 . 0060 Heavy . 004 . 002 52
545 49.0 .8C Heavy .G6G0 . Q00 {c} 74
546 49.5 .0Co Heavy . 004 . 000 (c) 61
s47 49.0 .000 Heavy . 004 . 000 (c} €5
548 49.0 .000 Heavy . 005 .002 {c} 56
549 48. 5 . 000 Heavy . 004 . 000 {c} 59
550 49.5 . 000 Heavy . 007 . 000 {c) 57
551 49.0 .000 Heavy .02} . 002 81
552 49.0 .00 Heavy . 002 U0 (i 54
553 49.0 .000 Heavy . 004 . 000 (c) 51
554 49.C .000 Heavy . 004 . 000 (c) 55
555 49.5 .000 Heavy .019 . 019 63
556 49.0 .00¢ Heavy .057 . 000 (c) 53
557 35,6 . 538 Heavy .ol . 888 {c) 56
558 49.5 .000 Heavy . 005 . 000 (<) 55
559 49.5 .011 Light Faiied Outside Peening
560 50. 0 .011 Light .0Co . 000 (a) 125
561 4%.0 011 Light . 000 000 (a} 121
562 50. 0 011 Light . 000 000 (2) 96
63 50.2 .011 i.1gnt [ . 000 (F.; i2¢
564 49.5 L6011 Light 0o¢ - 000 {a) 118
565 50.5 L0111 Light 000 . 000 (a} 127
366 49, ¢ 011 Light 050 . 000 {a) 12t
307 50.5 011 Light . 000 000 (a) 117
568 50.5 .011 Light . Failed Quiside Peening
569 50.0 L011 Light . 000 . 000 (c) 128
570 51.0 .011 Light . 003 .003 125
571 50.5 L0111 Light . 000 . 000 (a) 119
572 50. 8 .011 Lighi .GO0 .0C0 {2} 1l
c73 49.¢0 .o1l Heavy .003 . 003 107
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TABLE 5 (CONTINUED)

FATIGUE TEST SPECIMENS

}4-.;;——.-——- e

Maximum Gougs .
Compressive Gouge Depth of Fsa;::f:

fpecimen Hardnese D=pth Depth Failure 3 "
No. Rc {in.) Damage (in.) {in.) {107 psi)
574 49.0 EARY Heavy . GGO0 .000 (<) 115
£7¢ 45.0 Lo Heavy .04 . 000 {3} 185
576 49.0 . 011 Heawy .002 .002 1058
577 47.5 .011 Heavy . 006 . 0Nk 101
573 49.0 . 011 Heavy Failed OQutside Peeaing
579 49.0 . 011 Heavy . 007 . 007 96
580 49 0 011 Heavy . 004 004 107
581 49.0 . 011 Heavy . 025 .025 85
582 49.0 .011 Heavy . 006 .006 98
583 49.0 .011 Heavy . 006 . 006 99
584 45.2 .011 Heavy . 006 .0ng 22
585 49.0 . 011 Heavy . 004 . 004 106
£8¢6 49.0 011 Heavy . 003 .003 112
587 49.5 .01 Heavy . 000 . 000 (c) 117
583 49.5 .011 Heavy . 003 .003 109
589 48.5 N1 Heavy . 033 . 000 {5) 104
590 4Y.¢ .011 Heavy Ll . Dok 1032
591 50.0 .011 Heavy . 004 . 004 113
592 49.5 . 011 Heavy . 005 . 009 101
543 49.0 011 Heavy .02 .012 103
594 43.0 .011 Heavy . 033 L0253 58
595 49,0 .on Hecavy .024 . 624 83
5506 43.0 . 011 Heavy . 006 . 006 103
597 49.7 .018 Heavy . 002 . 000 (2) 120
598 50. ¢ 012 Heavy . 006 . 000 {a) 117
599 49.:2 .63 Heavy . 003 . 000 (a) 113
600 49.2 .C18 Heavy . 005 .000 {a} 13
601 49,1 .018 Heavy . 001 . 000 (a) 110
602 49.4 .018 Heavy . 003 .000 (a} 118
503 48.7 .018 Heavy . 003 . 0G0 (a) 113
604 49.13 .01z Heavwy . 0G5 G0 {a) 119
605 49.7 .0i8 Heav, . 002 . 000 (a) 12C
606 50.0 .018 Heavy . 002 . 060 (a) 167
GUT 48.9 .018 Heavy . 003 . 000 (a) 111
608 4Q.9 .018 Heavy . 003 . 000 (&) i09
609 49,2 .018 Jieavy . 003 .000 {3} 114
610 49.0 .018 Heavy . 002 . 000 (a) 166
611 49.8 .018 Heavy .003 . 060 (a) 113
612 49,2 .018 Heavy . 002 . v00 {a) 114
532 49.1 .018 Heavy . 002 . 003 {a} 12
614 19, 4 .018 Heavy . 062 . 000 {(a} 115
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TABLE 5 (CONTINUED})

FATIGUE TEST SPECIMENS

Maxin:muum Gouge Tailure
Comgpressive Gouge Depwr o “Stress
Specimen Hardness Depth Depth Failure 3
No. Rc (in.) Damage (in.d (in.) (107 psyy
513 43.¢ .ore Hezvy . 003 . 000 (a) 112
616 49.7 .018 Heavy .003 . 0060 (a) 117
617 49.¢ .018 Heavy . 003 . 000 (a) 118
£18 49.5 .018 Heavy . 003 .s0s lz) 113
619 49.0 .018 leavy . 602 - 009 (a) 108
620 49.1 .018 Heavy . 002 . 000 (a) 124
621 49.7 . 025 Heavy . 003 . 000 fa) 115
622 53,4 .025 Heavy . 003 . 000 (a} 109
623 49.0 . 025 Heavy . 003 . 000 (a) 106
624 45.0 .025 Heavy . 003 . 000 {a) 118
625 49.1 . 025 Heavy .001 . 000 (a) 11i
626 4G.9 .025 Heavy . 001 . 000 (a) 107
627 49,3 .025 Heavy . 003 . 600 {a) 135
€28 49.7 . 025 Heavy . 003 . 000 (a) 103
629 49. 4 . 025 Heavy . 003 . 000 (a) 114
A30 49 9 .n2s Heawy, . 007 . 000 (a) 116
631 49,5 .c2% Heavy . 003 . 000 {a) 110
632 49.58 .C25 Ileavy . 002 .000 (a) 98
61313 49. 4 . 025 Heavy . 004 . 000 {a) 109
634 49,8 . 025 Heavy . 305 . GO0 {a} iGe
635 50. 2 . 025 Heavy . 003 . 000 (a) 114
030 48.7 .28 Heavy . 003 . 000 (a)\ 115
637 45,0 .025 Heavy .003 . 000 (a 114
038 49.0 .0z5 Heavy . 008 - 0006 {a) ilz
€3 50. 0 .025 Heavy .003 . 000 (a) 110
640 50.1 . 025 Heavy . 005 . 030 (a) 107
641 49.5 . 025 Heavy . 004 . 000 (a) 114
642 49.1 .025 Heavy LUl . 000 (a) 109
543 50. G . 025 Heavy . 006 . 002 (a) 102
cdd 42.7 . 028 Heawy . 0os . 000 {a) 11¢
645 41.9 . 000 None . Co0 . 000 (a) 80
546 41.0 . 000 None . 000 . 000 {a) T4
647 41.5 . 000 Noune . 000 . 030 (a) 75
648 40.5 . 000 None . 000 . 000 (aj 73
€49 41.5 . 000 None . 00C . 000 {2) 72
650 40.0 . 000 None .000 . 000 {a} 75
651 42.0 . 000 None . . 000 . 000 (a) 84
652 42.0 . 000 None . 000 . 000 (a) 8z
653 42.0 . 000 None . 000 000 (a) 80
654 41.0 . 000 None . 000 . 000 {a) 81
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TABLE 5 (CONTINUED)

TATIZTUZ TEST SPECIMENS

Compressive

Srecimen Hardness Depth
No. RC {in.) Damage
655 41.0 . 000 None
656 42.0 . 009 None
5517 39.0 .017 Light
£58 39.0 017 Light
659 40.0 €17 Light
060 40.0 a7 Tight
661 40,0 . 017 Light
662 4C. 0 . 017 Light
663 41.0 .017 Light
664 40.0 .017 Light
665 40.0 .017 Light
666 40.0 .017 Light
667 42,0 . 017 j.aght
663 50.0 . 000 None
L70 49.0 . 000 None
671 51.0 . 000 None
£72 51.0 . 000 None
673 49,0 . 300 None
674 49.0 . 000 None
075 42.0 .00 None
£76 52.90 . 000 None
£77 47.0 . G00 None
678 48.0 . 000 None
677 49.¢C . 000 None
L&D 49.0 . 000 None
681 43.0 . 011 Light
b82 47,0 . 011 Light
683 47.0 L0l11 Light
684 49,0 .011 Light
685 49 0 RELAR Light
686 48.0 . 011 Light
87 49.9 .01 Light
083 49.0 . 011 Light
689 49,0 . 011 Light
690 47.0 . 011 Light
£91 48.0 el Light
692 51.0 .01l Light

wAaDC TR 55-56, Part 3 AY

Mazximum
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Depth
{in.)

000
000
000
003

N

NEVAVN1

.

.

015
006
nee
000
000
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No
000
206G
000
000
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000
000
000
ooe
00u
000

ann

. VLU

B

s

.

[$1024
000
000
003
000
020
005
000

. 002

000

. 000

ooc
060

Gouge
Depth of
Failure

{11 )

. 000 (a)
. 0u0 (a)
.0C0 (c)
. 003

NN
« VU T

. 015

. 006

. 004

. 000 (a)
. 00u {c)

Failure
Failure

. 000 (a)
. 000 (&)
. 000 (a)
. 000 {a)
. 000 (a)
. 000 (a}
. 000 (a)
. 000 (a)
. 00y {a}
. 000 (a)
. 000 (a)
L 030 (a;
.v00 (a)
. 000 (a)
. 000 (a)
. 003

. 000 (a)
L0450 (a)
. 005

. 000 {a)
. 002

. 000 (=)
. 000 (a)
. 000 (c)
. 000 (a)

Stress

(103 psi;
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APPLNDIX i
BLIIDUAIL STRESS RESULTS

The following rageas give the derailed residual stress distribu«
tions for spescimens tested in cunnection with tac study of distor—
tion. Table 2 outlines thec varicus test conditions from which these
Alzilivuions resuited. Table 6 in Appendix III contains th; datz
from which the stress distributions were calculated. A sanipie cal~
culation was presented in WADC TR 55-56, Part 1.
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RESIDUAL STRESS DATA

The foilowing table containe the detailed daia fiom which the
residual stress distributione cresented in Appendix i were calcu«
lated. Table 2 ocutlinee the test conditiong for the variods spoui-
mens. A sample calculaiion was presented in WADC TR 55-8&,

Part 1.
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RESIDUAL STRESS DATA
Cpecimern MNo. | Specimen No. 2 Specimen No. 3
t_ = 0.4992 t = .4984 t = .497:
. [ o o
Step dH di dH dt d¢H dt
1 (¢} Y 0 0 ¢ 0
2 .05 . 0002 .04 .noo2 - 04 . 0002
3 .07 . 00C3 .04 . 0003 .04 . 0003
4 .06 . 0004 .03 . 0005 .12 . 00C5
5 .16 . 0007 .13 . 0008 .13 . 0006
3 .18 . 0012 .15 . 0010 .25 .0014
v .27 . 0016 . 24 .0016 .37 000
8 .43 . 0026 .43 . 0024 .52 L 6GE7
9 .60 .N034 .54 L0033 .66 . 5035
1e .1 . 0047 .73 .0C49 S . 0039
11 71 . 0062 .73 . 0062 .81 . 0043
1e .71 .0077 .73 L0072 .97 . 0055
13 .73 . 3098 .78 . 0091 1.05 . 0059
i .70 .C118 .73 .0115 1. 27 . 0083
15 .67 .C131 .72 .0135 1.34 L0131
16 .68 .0178 .73 150 1.41 L0165
i7 .68 .0222 1. 41 .0)84
18 1.27 LLz24
19 127 .0293 }
Specimen No. 4 Specimen No. 5 Specimen No. 6
t = .4964 t =.4970 t. = ,4978
o o] [*]
oo v M
Step ! dH dt dH dt dH at
\Bp"‘ e
i 0 G 0 0 0 0
2 .03 L U091 .01 0 .01 . 0001
3 .05 . 0002 VP . 0001 .03 . 0001
4 .07 . LVoYY .GT7 L0004 .04 . 0004
5 ,07 . 0006 .09 . 0005 .10 . 0006
6 .28 L0012 .19 .0011 .20 .0012
7 .3 . 0021 .29 .0015 .30 .0017
8 Y L0026 . 40 .30¢e1 .4l . 0021
9 V16 . 0036 . 49 . 0020 . 48 . 0026
10 .80 . 0G42 .59 0031 . 60 L0032
1 .98 . 0047 .67 .5036 L7 .0038
12 1.10 . 0054 .81 . 0044 .89 . 0047
13 115 " 0061 1. 40 L0077 1.32 . 0072
14 1. 40 . 0087 1.70 .0105 1.64 .Gu97
15 1. 45 Lal31 1.69 .0147 1.69 .0150
16 1. 40 .0159 1.68 .0182 1. 66 .0188
17 -, 40 L0181 1. 68 .0182 i.66 .0188
VR ). 37 L0222 1.60 L0231 1.63 .0234
J1y 1,38 . 0241 1.63 L0271 i.58 .0284
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TABLE 6 {CONTINUED

RESIDIAL STRESS DATH.
Specimen No. 7 Spezimen No. 8 Specimen No. 9
t = . 4954 t = .4988 t = .4983
- ") o o
r Step Ay dt au dt dH dg L
) 0 0 6 0 o o i
2 .04 . 0001 .04 . 0001} -. 09 . 0w}
3 .05 . 0003 09 . 0004 -.06 . 00013
4 .11 . Ques 13 . 0005 +.05 . 0005
5 .20 . 0010 27 .0013 -.05 . 0008
6 .25 L6615 13 .0019 +.05 ,0014
7 .37 L5021 42 .0024 +.21 . 0021
8 . 5 . 0031 69 .0039 +.31 . 0027
5 .80 . 0043 9n .0048 +.54 . 0040
10 1.09 . 0055 1.17 .0056 +.74 . 0050
1 1.34 . 0068 1.54 L0077 +.94 . 0060
12 1. 49 L0078 1.80 . 0093 +1.42 . 0083
13 1.58 . 0086 2.05 .0106 +1.83 . 0101
14 2.03 L0117 2.20 L0127 +2.12 .0120
15 2. 44 .0154 2.45 .0175 +3.22 L0173
2.51 .D144 2.44 .0205 +3.74 . 0209
17 2. 48 .0220 2. 44 .0239 +3.56 . 0237
18 2.60 . 0236 7 43 .0240 +4. 04 L0262
19 2.50 .0285 2. 45 .0283 +4,03 L0313
<0 +4.00 . 6345
21 +4.063 .0371
Specimen No. 10 Specimaen No, 11 Specimern No, 12
t =.4994 t a.1292 t =.129i
. & (%] 0
‘ Szep dH dt dH dt a5 dg
AR L A AP T DD L a e & .
1 0 0 0 0 3 0
2 -.08 L0001 . 46 . 0002 . 54 . 0002
3 -.03 . 0003 1.72 . 00G7 2. 09 L0007
1 +,07 . 0005 2. 46 . 0010 2,82 L0010
5 ¢ L0007 4.63 . 0019 $.39 .0019
6 +.07 . 0015 6.82 L0027 7.89 . 0029
? .24 L0022 10. 47 . 0044 11,41 .0042
8 .34 . 0028 11,64 . 0059 12,42 . 0083
9 +.57 . 00390 12.18 .Np78 13.43 .0068
10 +.75 . 0049 12,69 L0101 14,22 . 0098
11 +.89 . 0059 12.89 .0132 14.59 .0129
i +1,29 L0077 13.00 .0122 14.75 .0176
13 +1.57 L0092 13.06 . 0239 14.76 .0220
is +1.79 .0105% 13.07 .0288 14. 81 L0267
15 +2.87 . 0150 13.12 .0338 14.87 .0324
16 +2.54 L0187 13.18 .0391 14.96 .0379
17 +3.97 L0217 13,21 . 0432 15.03 . 0419
18 +4.10 . U239 13.32 . 0488 i5.14 .0463
19 +4, 27 L025¢ 13.37 . 0535 15.22 L0516
20 +4, 27 L0330 o
21 +4,27 - .0356 |
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RESIDUAL STRESSE D47 A

TABLE 6 {CONTINUELY

Specimer No. 13 T Specimen No. 14

Spechinen No. 18

t, = . 1292 t = . 1290 L = - 1292
;
pt-e;;- dH dt dH dt dH- dt
Lot S ) =
1 0 ) 0 n o 0
2 .48 .80C2 ,50 . 0002 .22z . 0002
3 . 84 .0003 .83 0003 .70 .0003
4 1.79 . 0007 1.72 0007 1.58 . 0007
5 2. 46 0010 2.29 0010 2.50 .0C10
6 4.36 0018 4.1z 0o17 4.61 . 0016
7 6.7 . 0026 6.25 0025 5.8 . 0026
8 11. 51 0042 9.9 0041 10. 67 .0038
g 14 6L 2054 14,50 . D058 13.99 .0048
2 19, 54 0878 19.17 0071 21,67 L0074
11 23,73 . 0638 23.73 0106 27.33 . 0096
12 24,30 .0:25 24.26 0135 31, 6! .5145
3 24, 49 LG 55 24.49 . 0186 32.05 .0193
14 24,55 L0c1s 24.58 0232 32,26 L0246
15 24.58 .G264 24.71 0291 32. 43 . 0295
16 24, b6 L0314 24.91 0341 32.66 L0350
17 24.73 L1360 25.13 . 3394 32.96 . 0420
18 24.78 (410 25.36 044: 35,27 . 0472
19 24.91 U465 25. 65 . 0487 33,77 . 0525
20 25. 00 L0719 26.00 D541 34, 20 ,0581
2t _ &, ] 24, 55 . 0628

Specirsen Neo. 1c

Specimnen No, 17

Speciman No. 18

t =.1291 1= .1492 t =.,1291
O Q (o]
Step dH dt dH dt aH dt
— ‘-Pm-_ﬁ

1 0 0 0 0 0 (o]
4 . 29 .0001 .34 . 0001 . 45 . 0602
2 .68 .0003 .78 .0003 .93 . 0603
4 1.35% . 8006 1.82 . 0006 1.72 . 0006
8 2,2¢ L0910 2.30 .0010 2.70 .0010
6 4, 1¢ . 0017 4.21 .0017 4,53 .0018
7 6.7¢ . 0026 6.71 . 0026 6. 26 . 0024
8 11,39 . 0040 10. 56 . 0039 9.62 L0058
9 15. 84 . 0054 13.33 . 0049 14. 46 . 0051
10 23.72 .0079 21.89 .0074 21. 44 . 0075
il 28. 60 L0639 28.89 . 0097 26,58 . 0094
12 31.85 . 0144 39.40 . 0145 37.59 .0140
13 32.30 . Uelo 41.30 . 0195 40.19 . 0204
14 32.47 .0245 41, 25 . 02456 40,33 L0251
15 32.68 . 0304 41.63 . 0302 40, 49 . 0309
16 32.86 .0353 41.79 .0358 40,53 .0362
17 33.06 . 0407 41.99 . 0419 40, 6€ . 0422
18 33.35 . 0463 42. 25 . 0475 40,81 .04g)
i9 33.85 . 0510 42.0l . 0521 4).12 . 0531
20 34,23 .0564 42.98 .0579 41,31 . 0582
21 34.45 . 0608 43,12 .0622 41.30 . 0626
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TABLZ 6 (CONTINUZD)

RESIDUAL STRESS UATA

Specimen No. 19 Specimen No, 20 Specimen No. 21
t =.1290 t =.1289 t =.0686
— o o o
Step dH dt ari dt aH dt
P . G
H N < Y 0 0 Y
2 .5 . 0001 .6 . 0001 -.4 .00014
3 .9 . 0003 1.7 . 0003 1.8 .00038
4 1.3 . 0005 1.9 . 0005 5.4 . 00095
5 2.3 . 0008 2.9 . 0509 8.1 . 00119
6 2.8 .0012 3.8 . 0013 18.90 .00215
7 4.8 .0020 5.6 . 0020 27.9 .0032
6 7.0 . 0029 7.7 . 0028 33.9 . 0049
9 9.2 . 0039 9.7 . 0037 43,2 L3062
10 13.5 . 0052 13.7 . 0050 46,3 . 0087
11 20.7 . 0073 19.9 . 0069 49. 2 .0136
12 z8.5 . 0094 29.6 . 0092 51.8 .0189
12 5.5 .0146 45.9 . 0136 55.6 . 0235
14 41. 4 . 0196 66.0 LUr79 58.6 .0280
15 87.1 L0247 87.4 . 0237 64,3 0336
16 96,5 L0292 99.3 . 0285 74.5 .0398
17 99. 4 L3378 105.3 . 0327
18 . 0394 .0373
19 99.5 L0452 165.3 . 0420
20 100.0 . 0509 105. 4 . 0476
ey
Specirnen No. 22 o Specimen No. 23 Specimen N¢ 24
t = _0A70 { t = .0658 t_=.0667
o o °
r Step dn dt dB dt dH di
;-ET-"F_ 0 0 0 ) 0 0 -T
2 ~.3 . 0002 1.4 . 0001 1.2 , 0001
3 1.5 . 0004 3.: . 0003 3.0 .C004
4 6.5 . 0009 6.4 .0008 6.2 . G008
g 10.2 . 0012 10. 1 . 0011 9.9 .0011
6 22.5 . 0024 18.1 . 0020 1.7 .0022
7 32.5 . 0032 30.0 .0030 29.9 . 0031
8 45.3 . 0043 52.5 . 01348 5.5 . 6046
9 50.2 . 0064 69.9 . 0061 63.9 . 0061
10 54.3 . 0092 102. 4 . 0089 9z.3 . 008G
11 57.8 .0136 115. 4 . 0137 110, 3 . 0106
12 61.9 .0190 118.7 .0192 115, 7 .0149
13 68.2 . 0238 123.1 . 0237 ii8.2 L0195
14 75.2 . 0294 1275 Jo0282 123.1 . 0245
15 86.1 0247 136.6 . 0338 129.0 . 0299
16 107.9 .0413 152.0 . 3397 135.6 .0348
17 i51.9 . 0402

WADC TR 55.56, Part 3
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TABLE 6 (CONTINUED)
RESIDUAL STRESS DATA

Spzcimean No, 25 Speclingi Mo, 26 r Specimen No. 27
t_ =.0676 t =.0659 | t =,0656¢
e [o] ! [o]
Ls—tei—— i x - - “—;ﬁﬂ
...,.__._-‘q‘#z'_:— S -
i S 0 0 0 4] 0
2 .1 . 0001 0 . 0061 0 . 0001
3 .2 . 0002 .1 . 0002 o2 . 0002
4 .4 . 0006 .4 . 0006 .3 . 0006
5 .8 .0010 .8 .00190 .4 . 0009
6 1.7 . 0020 1.9 . 0019 1.5 . 0020
K 2.3 . 0029 3.1 . 0029 2.8 . 0036
g %9 . 0043 5.5 . 0046 4.6 . 004E
9 6.1 . 0061 7.7 . 0062 7.0 . 0064
10 10.7 . 0091 13,1 . 0633 11.3 . 0095
11 13,1} . 0115 15.1 .0113 14. 4 .0118
12 i5.0 . 0174 17.4 .0174 17.9 .0181
13 15,1 . 0228 17.5 .0226 17.5 . 0229
14 15.9 . 0238 18.1 . 0272 18. 0 . 0284
15 16. 4 . 0354 19.0 . 0332 18.7 . 0345
16 18.0 . 0415 M 20.5 . 0383 20.7 . 0407
[ 17 20,1 0464 | 22.9 . 0437 23,0 . 0454

Specimen Na. 23 Specimen No. 29 Specimen No. 30
to = , 0687 t =.0672 t =.0687
(o] [}
Ls:p dH dt dH dt dH dr
R el
1 0 0 ) 0 0 0
2 0 . 0001 .1 0001 0 . 006}
3 .2 . 0002 A 2003 .1 . 0003
4 .5 . 0006 2 8805 .1 . 0005
5 .7 . 6009 .2 0096 .3 . 0005
6 1.7 . 0020 .3 0012 .3 L0012
7 2.7 L0029 .7 L0022 .9 . 0020
8 4,9 . 0046 1.1 0031 .7 . 0028
9 7.1 . 0065 1.7 0042 .9 . 0040
i6 1: 7 . G054 2.2 . 0053 1.8 . 0053
H 14.7 .0118 3.3 . 0072 2. . 007
12 18.0 L0182 4.8 0096 4, Z .0092
13 18.0 .023% 10.3 0149 8.1 .0143
14 18.8 .0287 16.8 0199 13.7 .0187
15 19.1 L0344 24.7 . 0253 19.7 .0237
1% 21.0 .0358 32.1 0303 24, .0279
17 23.0 . 0452 36,3 G348 29@ . 0329
18 38.% 0400 3i.9 ,0379
19 40.6 0449 33.1 . 0437
20 44,2 . 0502 35, % . 0494
WADC TR 5556, Zart 3 162




TABLE 6 (CONTINUED}

RESIDUAL STRESS DATA

Specimen No. 31 Speciman No, 32
t_ =.714l t =.7141
0 [ )
[ Step dH d: dH dt
?%.——:%:—O-ﬁ
2 .09 . 0005 .09 L0004
3 .11 . 0007 0 0006
4 .21 . 0016 .20 007
5 .24 . 0021 .25 cue2
6 . 39 0014 37 AT
7 .48 0C44 .46 0047
8 .71 0066 .65 00%0
9 .88 0084 ,Ba 0086
10 1,31 viel 1.20 0120
11 1.54 0148 1. 47 cle9

12 i.94 0221 1.76 0220

13 1.94 0243 1.78 0284

14 1.93 0239 1.7¢ 035¢

15 1.94 0407 1.71% 0411

16 1.93 . 3471 1.7% 0471

Specimen No. 33 Specimen Ho. 4
t =.9975 t o= . 9980
o] Q.

Step dH dt ] dH de _]
1 0 o 0 o
2 .01 . 0002 .05 060
3 .03 . 0005 .06 . 0005
4 .07 .0014 .08 L 001
5 .10 . 0019y 12 L0017
6 .15 .003¢ .18 . 0029
7 .22 . 0044 .26 . 0042
8 .32 . 0067 .36 L0062
9 .43 . 008 . 46 . 0088

10 .60 . C1i8 .39 L0109

11 .73 ,0153 .13 .0lad

12 .92 .0210 .96 ., 0209

13 .97 L0265 .99 L0271

14 .93 . 0330 97 . 0329

15 .94 . 0399 1.CC .0394

16 .93 . 0461 .99 . 0457

WADC TR 55«56, Part 3 i03
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